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WIND POLLINATION IN THE GALAPAGOS ISLANDS
By: Conley K. McMullen and David D. Close
Pollination, the movement of pollen from an an-
ther to a stigma, is a requirement for the reproductive
success of most flowering plants. This transfer, re-
sulting in either cross- or self-pollination, may be
accomplished by a variety of vectors such as insects,
birds, bats, and wind. In addition, many flowers are
capableof automatic se1f-pollination, andre1y on none
of the aforementioned vectors for this transferral. In
these cases, pollen grains simply come in contact
with the stigma at some point during the develop-
ment and maturation ofthe flower. With some plants,
this happens while the flowers are closed. In others,
the mature anthers shed their pollen directly onto the
receptive stigma with the opening of the petals.
Instances of insect and bird pollination among
plants of the Galápagos Islands have been studied
and documented (Rick 1963, 1966; Linsley 1966;
Linsley et al. 1966; Grant and Grant 1981; McMullen
1985, 1986, 1989a, 1990; Elisens 1989). Briefly, the
Galápagos carpenter bee (Xylocopa darwini Cocker-
ell) is the most obvious insect pollinator on the Islands
it inhabits, although the Galápagos sulfur buuerfly
(Phoebis sennae L.) and Galápagos blue buuerfly
(Leptotes parrhasioides Wallengren) are quite active
as we1l. Birds, such as finches and mockingbirds,
have also been observed at the flowers of many dif-
ferent Galápagos plants. These birds may be visiting
the flowers for nectar, pollen, or even insects. Re-
gardless ofthereason, many ofthese visits are regular,
and no doubt account for the pollination of some
plants. This may be especially true on Islands where
the carpenter bee is absent (Grant and Grant 1981).
On the other hand, the bat species that inhabit the
Galápagos are insectivorous and not known to visit
flowers. They are thought to have no role in the pol-
lination events taking place within the Archipelago
(Gary McCracken, pers. comm.).
Fifty-three Galápagos Islands angiosperms are
known to exhibit some degree of se1f-compatibility
(Rick 1966; Grant and Grant 1981; Aide 1986; Mc-
Mullen 1987, 1989b, 1990; Elisens 1989). Of these,
50 havedemonstrated automatic self-pollination. This
breeding strategy is thought to be especially valuable
to plants when first colonizing an oceanic island.
Theoretically, only one individual would be neces-
sary to start a sexually reproducing population.
The role played by wind pollination in the breeding
systems of Galápagos Islands angiosperms is still
relatively unknown. Characteristically wind-
pollinated plants, such as grasses and euphorbs, are
well represented in the Archipelago (Rick 1983).
However, morphological adaptations typical of wind-
pollinated flowers, such as protruding stamens and
feathery stigmas, seem largely to be missing from the
flora (Rick 1966, McMullen 1987).
Colinvaux and Schofield (1976) found that mem-
bers of the grass family contributed little to the
contemporary pollen rain ofIsla San Cristóbal. This
information was based on core samples taken from El
Junco Lake. What's more, their studies of surface
pollen spectra suggested that pollen production in
other typically wind-pollinated groups, including
Cyperaceae and Amaranthaceae, is very low. They
concluded that Galápagos plants produce so liule
pollen that selection against anemophily is strongly
suggested. One explanation of this was that low pol-
len production would reduce the waste of energy that
results when a plant produces copious pollen, only to
have the majority blown out to sea and lost. This
would certainly seem to be an important factor when
one considers the limited resources available to the
initial colonizers of many insular environments.
Further studies on wind pollination were performed
by McMullen during the summer of 1990. These
observations were part of a larger study dealing with
angiosperm breeding systems and pollination ecolo-
gy on IslaPinta and Isla Santa Cruz. On 23 June 1990,
McMullen arrived at Isla Pinta along with his assis-
tant, Sandra Naranjo, a studentat Universidad Central
in Quito. During this stay, which lasted 34 days, tests
and observations were performed on members of six
angiosperm species. Plants chosen for study included
Justicia galapagana Lindau (Acanthaceae),
Darwiniothamnus tenuifolius (Hook. f.) Harling
(Asteraceae), Scalesia baurii Robins. & Greenm.
ssp. hopkinsii (Robins.) Eliass. (Asteraceae),
Table 1. Summary of wind pollination experiments on Isla Pinta (PI) and Isla Santa Cruz (SC).
Plant Name, Location, Slide Number and
and Dates (# 01 Pollen Grains Trapped)
ACANTHACEAE
Justicia ga/apagana
PI - 580 m elevation 1(O) 2(0) 3(0) 4(0) 5(0)
21-24 Jul1990 6(0) 7(0)1
SC - 632 m elevation
31 Jul-3 Aug 1990 1(O) 2(0) 3(0) 4(0) 5(0)
ASTERACEAE
Sca/esia baurii ssp. hopkinsii
PI - 15-67 m elevation 1(O) 2(1) 3(16) 4(0) 5(280)2
9-14 Jul1990 6(0) 7(38) 8(15) 9(0) 10(80)
11(O) 12(0) 13(1) 14(13) 15(102)
Darwiniothamnus tenuifo/ius
PI - 518 m elevatíon 1(O) 2(0) 3(1) 4(1) 5(0)
16-19 Jul1990 6(28) 7(1) 8(90)2 9(0) 10(1J)
SC - 632 m elevatíon
31 Jul- 3 Aug 1990 1(O) 2(0) 3(0) 4(6) 5(0)
BORAGINACEAE
Tournefortia rufo-sericea
PI - 580 m elevation 1(O) 2(0) 3(0) 4(0) 5(0)
21-24 Ju/1990 6(0) 7(0)
SC - 632 m elevation
31 Ju/- 3 Aug 1990 1(O) 2(0) 3(0)
SC - 91 m elevation
6-10 Aug1990 1(O) 2(0)
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Tournefortía rufo-serícea Hook. f. (Boraginaceae),
Plumbago seandens 1.. (Plumbaginaceae), andLyeo-
persieon eheesmanii Riley varominor (Hook. f.) Porter
(Solanaceae). Study sites were estab1ished at a vari-
ety ofIocations on the southern slopeofPintaranging
from approximately 15m to 580 m in elevation. Pollen
collection slides were placed neareach group of plants
for approximately 3 to 5 days as a simple test to sam-
pIe thelocal pollen rain. An areaof each slide, the size
of a typical microscope cover slip (22 x 22 mm), was
coated with silica gel to trap airborne pollen grains.
After each slide was collected, a cover slip was placed
over the gel and made semipermanent. These slides
were later studied, and the coordinates of all pollen
and spores recorded. Voucher specimens of alI plant
species studied were collected and deposited in the
herbarium of the Charles Darwin Research Station.
Sirnilarresearch was undertaken on Isla Santa Cruz
from 31 July to 10 August 1990. Study sites on the
southern slope ranged from approximately 90 m to
632 m in elevation, but centered around the area near
Los Gemelos (632 m). Plants chosen for investiga-
tion on this Island included Justicia galapagana,
Darwiniothamnus tenuifolius, Tournefortia rufo-
sericea,P lumbago seandens, andLyeopersieon ehees-
manii Ri1ey varo eheesmanii.
Tab1e 1 shows the results of these tests. A total of
65 slides was placed in the field. Of these, 18 collect-
ed pollen belonging to either Darwiniothamnus
tenuifolius, Sealesia baurii varohopkinsii, or Lyeo-
Table 1. Continued from page 13.
Plant Name, Location, SUde Number and
and Dates (# of Pollen Grains Trapped)
PLUMBAGINACEAE
Plumbago scandens
PI - 213 m elevatíon
11-14Ju11990 1(0) 2(0) 3(0) 4(0)
PI - 533 m elevation
16-19 Jul1990 1(0) 2(0)3
SC - 91 m elevatíon
6-10 Aug 1990 1(0) 2(0) 3(0) 4(0) 5(0)
SOLANACEAE
Lycopersicon cheesmanii varo minor
PI - 213 m elevation
11-14 Jul1990 1(O) 2(0)4
Lycopersicon cheesmanii varo cheesmanii
SC - 632 m elevation
31 Jul- 3 Aug 1990 1(O) 2(0)
SC - 91 m elevatíon
6-1 O Aug 1990 1(162)2 2(0) 3(0)
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1 These seven slides were also used tor the Tournefortia rufo-sericea plants at the same locatíon.
2 These pollen numbers are an approxímatíon due to the tact that the pollen was layered.
3 Slide contained approximately 74 pollen grains ot Oarwiniothamnus tenuifolius attached to a stamen.
4 Slide contained 1 pollen grain ot Oarwiniothamnus tenuifolius.
persicon cheesmanii varocheesmanii (Fig. 1). In no
instance was the amount of pollen trapped of a mag-
nitude normalIy associated with wind-pollinated
species. In addition, the pollen was often grauped
together in bunches, whereas pollen adapted to wind
pollination is usually dispersed singly or in groups of
twos or threes (Proctor and Yeo 1972).
Several of the slides contained spores from p1ants
other than those being studied. However, only pollen
grains of the species listed above are recorded in Table
1. For example, many of the slides fram Isla Pinta
contain what appear to be fem spores, but these are
not pertinent to the present discussion and are not
considered here. In addition, seven grains of pine
pollen were collected on Isla Pinta. This is of interest
since these grains must have either blown in from the
mainland, or arrived fram Isla Santa Cruz or Isla San
Cristóbal where Pinus radiata D. Don. (Pinaceae) is
found. This represents a distance of at 1east 100 km
if the pollen originated on Isla Santa Cruz.
Overall, relatively liule pollen of any type was
present in the aircurrents. These findings add support
to the hypothesis that selection has not favored wind
pollination in the Galápagos Islands. What remains
to be addressed is an adequate explanation for this
phenomenon. As mentioned ear1ier, Colinvaux and
Schofield (1976) suggested that low pollen produc-
tion would reduce the amount blown out 10 sea.
Although this seems a reasonable answer, it proves
inadequate when one considers that wind-pollinated
species form a large part of certain other island floras.
Forexamp1e, Thomton (1971) estimated that 32.4%
of the Hawaiian flora, 29% of the New Zealand flora,
and 34% of the Juan Femandez flora is wind-polli-
nated. Apparently the exp1anation lies elsewhere.
According to Whitehead (1983), wind pollination
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will be most effective only if certain eriteria are meL
The first of these is that large amounts of pollen must
be produced and released by the species. Second,
individuals belonging to the same species must be
located near each other. Third, pollen release must be
timed so that: a) there is línle downwind dispersion
(low air turbulence), b) linle filtration of pollen by
the vegetation occurs (leafless season), e) humidity is
low (so that the pollen may dry quickly), and d) there
is litde rainfall.
It is difficult to say whetherthe low pollen produc-
tion typical of most Galápagos plants is the cause or
effeet of selection against wind pollination. Howev-
er, considering which of Whitehead's other criteria
are met on the Galápagos Islands might prove in-
structive. The requirement that conspecifics be located
near each other is indeed fulfilled by some members
of the Galápagos flora. Species in which this is pro-
nounced include Scalesia pedunculata Hook. f.,
Bursera graveolens Trian. & Plancho (Burseraceae),
Opuntia echios Howell (Cactaceae), Parkinsonia
aculeata L. (Caesalpiniaceae), Miconia robinsoni-
ana Cogn. (Melastomataceae), and Zanthoxylum
fagara (L.) Sarg. (Rutaceae) as well as various grass-
es and sedges. In fact, this is so obvious that certain
of these species have lent their names to particular
vegetation zones on the larger islands sueh as the








Figure 1. Darwiniothamnus tenuifolius pollen grain (l,OOOx
magnification). Grano de polen. Darwiniothamnus tenuifolius
por I.OOOx.
fern-sedge orpampa zone. On first glanee, this would
seem to suggest that wind pollination might be fa-
vored in theArchipelago. However, otherfactors must
be considered before drawing conclusions. For ex-
ample, each of the above mentioned species, except
for Zanthoxylumfagara and the grasses and sedges,
is known to be visited frequent1y by the Galápagos
carpenter bee. Opuntia echios is pollinated by finch-
es as well. What's more, the close proximity of
individual s in the above-mentioned species is not the
norm when considering the flora as a whole.
Whitehead's third criterion deals with the appro-
priate timing of pollen release. The fact that the
Galápagos Islands lie under an inversion layer during
mueh of the year increases the possibility of pollen
being released when downwind dispersion is mini-
mized. Under such conditions, pollen concentration
decreases less with distanee from the plant and the
efficiency of wind pollination is increased.
Wind pollination is also favored when the chance
of pollen being filtered out of the air by vegetation is
minimal. In the temperate regions of the world this
occurs in the spring when leaves have not yet reap-
peared on the trees. In the Galápagos there are also
seasons when certain species are leafless. One such
plant is Bursera graveolens. However, this plant of-
ten does not flower until after its leaves have appeared.
In addition, Bursera, as well as many other trees of
the highlands, are covered with lichens, mosses, and
ferns year round (Fig. 2). This vegetation no doubt
would have a tremendous filtering effect on any pol-
len being borne by the wind.
Two other factors that promote wind pollination
are low humidity and linle rainfall. This is because a
high relative humidity can cause pollen grains to
clump together. Moisture can also keep pollen grains
from germinating, and rain as well as mist can purge
the atmosphere of pollen. Although the humidity is
rarely low, reduced rainfall is a reality for mueh of the
Archipelago throughout the year.
From the above discussion, it would appear that
close proximity of conspecifics, little downwind dis-
persion of pollen, and reduced rainfall are the
conditions that should favor wind pollination in the
Galápagos Islands. However, what must be remem-
bered is that most flowering in the lowlands takes
place during the warm rainy season, and many high-
land flowers are produced during the cool garúa
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for efficient wind pollination.
A light shower with.fine dro¡jlets
is more effective at ridding pollen
from the air than a thunder-
storm with large droplets~ and a
moderate shower will clean the
atmosphere of almost all polI en
grains (Whitehead 1983). These
are exactly the circumstances
under which many of the Galápa-
gos flowers begin to appear.
Faegri and van der Pijl (1971)
stated that it would be difficult for
wind pollination to be successful
in small populations due to the need
for massive pollen production.
This, of course, would be another
problem for anemophilous species
when colonizing an island. If only
a few plants arrive and grow at one time, then insect
pollination or automatic self-pollination will be much
more likely to produce a successful pollination event.
As mentioned earlier, most of the species studied are
capable of automatic self-pollination. Additionally,
several of them take advantage of the few insect
pollinators that are available. This is no doubt why
many of the plants produce small flowers that are not
pollinator specific.
Proctor and Yeo (1972) pointed out that most
insect-pollinated species probably shed pollen into
the air occasionally, and this local wind pollination
may be effective. In fact, a combination of two or
more pollination syndromes might be common in
plants. Helianthemum (Cistaceae) is an example of a
species pollinated by both insects and the wind.
PerhapsDarwiniothamnus tenuifolius, Scalesia baurii
varo hopkinsii, and Lycopersicon cheesmanii varo
cheesmanii are other examples of this phenomenon.
These species are often visited by insects, and they
are all capable of automatic self-pollination (Mc-
Mullen 1990; unpubl. data). However, a small amount
ofwind pollination might also take place. Particularly
on an island, this would seem the ultimate strategy
for initial as well as 10ng-term survival.
Thornton (1971) stated that the Galápagos Islands
should have a similar percentage of wind-pollinated
species as that found in Hawaii, New Zealand, and
the Juan Fernandez flora. This does not appear to be
Figure 2. Lichcn-coycrcd trees of Isla Pinta highlands. Arboles cubiertos por
líquenes en la zona alta de la Isla Pinta.
season. This means that most Galápagos plants flow-
er during a time of year when it is likely that much of
the pollen will be washed out ofthe atmosphere. Thus,
only a very few plants can benefit from the advantage
that reduced rainfall offers wind pollination.
Zanthoxylum fagara demonstrates this situation
q u i te well. N ot onl y are the mem bers of this tree species
dioecious and closely spaced, but also no pollinators
have been recorded as visiting its flowers. It would
seem a likely candidate for wind pollination until one
considers the fact that it is normally a component of
the highlands, and as such is subject to the pollen fil-
tering effects of garúa and rainfall. In addition, it
normally flowers afterits leaves have appeared. This
foliage, as well as the typical covering of lichens and
mosses, must present a formidable obstacle for pas-
sage of wind-borne pollen grains. Regal (1982) has
also pointed out that air movement in the understory
of forests with a dense canopy may be restricted.
This might prevent wind pollination among the her-
baceous plants growing within these forests.
This would also be true of other Galápagos species,
such as Bursera graveolens, that are covered with
lichens and mosses.
In summary, this study supports the hypothesis
that wind pollination is not highly represented in the
Galápagos Islands. This is largely due to the fact that
the same abiotic factors that stimulate flowering
(i.e., rainfall and garúa) are those that are unsuitable
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the case. It would be interesting to study the flora of
these other island systems more closely to determine
ifthey actually do possess a high percentage of wind-
pollinated species, or if that claim has been based
entirely on the assumption that these plants are wind-
pollinated since that is their pollination syndrome
elsewhere.
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